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INSECT SUCCESSION ON DECOMPOSING REMAINS: 
 
THE EFFECTS OF BURNING 
 
JESSICA MOWERY 
 
ABSTRACT 
 This experiment was designed to examine the effects of burning pig (Sus scrofa) 
remains on insect succession. Remains can be found burnt in a range of natural disasters 
including earthquakes, motor vehicle accidents, house fires, and brush fires. In 
homicides, more often than not, remains may be burnt to try and disguise the crime or 
destroy evidence. There has been little research conducted on the rate of insect succession 
at different levels of burning. This study will help to build upon the hypothesis that 
diverse levels of burning will each affect insect succession differently. The experiments 
took place in May 2017, and was repeated in August 2017. There were a total of three 
pigs used during this study, which were divided into quarters. Two quarters were used to 
represent each treatment level. One treatment remained unburnt and was used as a control 
in each experiment. The quarters were burnt at the research site in Holliston, MA. The 
Crow-Glassman Scale (CGS) was used to burn one treatment to level 2 and one treatment 
to level 3-4. They were then placed on site, no closer than five meters apart, surrounded 
by modified lobster cages and allowed to decompose. Notes, photographs, and insect 
collections took place every 2 hours on day 2 and twice a day for days 2 through 7. A 
final collection was then made on day 10 after the majority of tissue and insects were no 
longer present. The amount of insect activity was documented, photographs were taken, 
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and samples were both preserved and reared through to adults. It was hypothesized that 
there was a correlation between insect activity and the level of burning. This was found to 
be true based on the results of this study, and with further research, will have the potential 
to aid in the determination of the minimum post mortem interval (mPMI) when burnt 
remains are found at the scene. 
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INTRODUCTION 
  
Forensic entomology is the use of arthropods including insects, arachnids, 
centipedes, millipedes, and crustaceans, in medico-legal death investigations (Castner 
2010). Insects are the largest group and are consistently present at death scenes (Castner 
2010, Catts and Goff 1992). Insects play a vital role in the process of decomposition, 
which aids in the determination of the minimum post-mortem interval (mPMI), or the 
length of time someone has been deceased (Dadour and Morris 2014, Sharanowski et. al. 
2008, Simmons et. al. 2010, Adams and Hall 2002, Byrd and Castner 2010, Catts and 
Goff 1992, Anderson 2000). Diptera cealliphoridae, or blow flies, are generally the first 
to arrive at the scene within hours or minutes after death, and as such were the main focus 
of this study (Anderson 2000, Anderson 2004, Gruner et al. 2007, Kreitlow 2010). It is 
also important to take into consideration the intrinsic and extrinsic factors that may have 
an effect on the remains. This study concerns, the different levels of burning and its 
effects on succession rates.  
Remains can be found burnt in a range of natural disasters including earthquakes, 
motor vehicle accidents, house fires, and brush fires. In homicide cases, more often than 
not, remains may be burnt to try and disguise the crime or destroy evidence (Gruenthal et 
al. 2012, McIntosh et al. 2016, Sharanowski et al. 2008, Avila and Goff 1998). In this 
case, dental work and DNA are usually used to identify the person if they are burnt 
beyond the point of visual identification, which usually refers to a level three or higher on 
the Crow-Glassman Scale (CGS) (1996). The CGS scale was developed, and is the 
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accepted technique established, to provide law enforcement with a standardized method 
for describing the extent of burn injury to victims.  
The decomposition process goes through five main stages. The fresh stage where 
the body has not yet begun to decompose and there is no smell associated with this stage. 
Next there is the bloated stage where gases begin to build up, the body begins to swell 
and marbling is present on the remains. Then there is the active decay stage which is 
consistent with a strong odor, breaks in the skin, and liquefaction. This is followed by 
advanced decay when there is little tissue remaining. Finally, the body becomes 
skeletonized and at this point no odor remains and almost all the soft tissue will have 
been removed, but there may still be some cartilage present (Campobasso et all 2001, 
Dadour and Morris 2014).  These stages are extremely variable and happen at differing 
rates depending on many factors. Some of these factors include the location of the body, 
whether they were indoors or outdoors, clothed or unclothed, wrapped in something, 
buried or on the surface, the weather the body was exposed to, and the season. It is 
important to keep in mind that these factors also affect insect succession (Campobasso et 
all 2001, Simmons et all 2010, Sharanowski et all 2008, Byrd and Castner 2010, 
Anderson 2010). 
Insects are a main factor when considering decomposition rates due to the 
understanding that remains decay at a much slower rate when insects are excluded. This 
is due to the intense scavenging by the larvae and a substantial temperature increase 
caused by the larval masses (Simmons et all 2010, Simmons et all 2009, Campobasso et 
all 2001, Forbes and Dadour 2010). These insects can be categorized into four different 
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groups that are typically associated with different levels of decomposition. Necrophages 
are the most common group found on a body, as they are attracted to the remains in 
response to decomposition gases and actively feed on the tissue. These include the true 
flies Calliphoridae and Sarcophagidae. Necrophages are usually the first to arrive at the 
scene, which typically occurs within minutes or the first few hours from time of death or 
exposure. These insects are of the most forensic significance to investigators and are 
generally used to determine the mPMI. These are followed by predatory insects and/or 
parasites including some other species in the families Calliphoridae and Stratiomyidae 
and beetles in the families Silphidae and Staphylinidae. Omnivorous insects are the third 
group to arrive at remains. This group usually includes ants (Hymenoptera), and some 
other species of beetles. The last group are adventitious or incidental species, which use 
the body as an extension of their habitat. These include arachnids, centipedes, and any 
other arthropod that can make use of the remains (Campobasso et all 2001, Dadour and 
Morris 2014, Catts and Goff 1992, Kreitlow 2010). The times of arrival for the last three 
groups is variable, but beetles are usually the last to colonize during the dry decay and 
skeletal stages of decomposition (Campobasso et all 2001).  
As stated earlier, the main focus of forensic entomology is to determine the mPMI 
(Dadour and Morris 2014, Sharanowski et. al. 2008, Simmons et. al. 2010, Adams and 
Hall 2002, Byrd and Castner 2010, Catts and Goff 1992, Perez et al. 2014). The mPMI 
can be used to either rule out who the victim might be or to possibly corroborate with the 
time the person was last seen. The mPMI is based on the time needed for the largest 
larvae present at the scene to reach its current stage of development (Adams and Hall 
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2002, Byrd and Castner 2010). This is generally determined through proper preservation 
and rearing of the immature stages collected from the scene. This latter method 
determines the mPMI based on known developmental rates and minimum average degree 
days (ADD) or hours (ADH) needed for that species to reach that level (Dadour and 
Morris 2014, Adams and Hall 2002).  
Length of the larvae can also be used to determine the current growth stage, so it 
is important when determining the mPMI to preserve specimens correctly. The best 
method to preserve the larvae is to first HWK and then preserve them in 70-80% ethanol. 
HWK involves placing the larvae in water that is 80°C or above for no less than 30 
second. This method stops the larvae from shrinking, resulting in the best estimate of the 
mPMI based on their measurements (Adams and Hall 2002, Dadour and Morris 2014, 
Byrd et al. 2010, Byrd and Tomberlin 2010). 
When relating the CGS to that of insect succession there has been one main study 
published on the topic by McIntosh et al. (2016). This research focused on level two CGS 
as compared to a control group of unburnt remains. This can be expanded upon to look at 
the other levels of burning to determine the effects of insect succession as the levels 
progress through the CGS. The comparison between level two and three/four, as well as 
unburnt will aid investigators when they discover burnt remains, which have been burnt 
beyond the point of visual recognition. This will provide those working in the field with a 
better understanding of how different levels can affect insect succession and lead to a 
more precise estimate of mPMI. When the remains are burnt, there will be less soft tissue 
present as the scale progresses, and thus affect the level of insect activity. Therefore, it is 
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hypothesized that the higher the level reflected by the CGS, the lower the level of insect 
activity on those remains. There may be a slight spike in insect activity on the remains 
burnt to level 2 based on previous results, published by Avila and Goff 1998, Anderson 
2005, McIntosh et al., and Oliveira-Costa et al. 2014, but those remains burnt to level 4 
should have decreased insect activity levels. 
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MATERIALS AND METHODS 
Materials  
Two decomposition and succession trials were conducted at Holliston Research 
Facility (Boston University), located at 248 Woodland Street, Holliston, MA 01746. The 
site consists of a primary deciduous and white pine forest with light ground cover. The 
ambient temperature and weather data were obtained from a nearby weather station. 
Pigs are currently the most widely accepted model for human decomposition, as such 
they were ideal for this type of research (Shoenly et al. 2007). This experiment required 
the use of three pigs (each approximately 100 lbs.), A. Arena and Sons Inc. located at 159 
Ash Street Hopkinson, MA 01748. The pigs were dissected into quarters, and for the 
initial experiment in the spring six quarters were evenly distributed between the three 
predetermined levels (control, level 2, and level 3-4). The remaining six quarters were 
used for the subsequent replication of the experiment in the fall. All pigs were frozen and 
then thawed prior to being burnt.  
Plots for each of the individual specimens were prepared by placing a sand mat 
1m² by 5cm deep. Each plot was predetermined to account for similar amounts of sun 
exposure. The specimens were placed at least 5 meters apart. Measures were also taken to 
prevent predation by scavengers by placing the remains directly into modified lobster 
cages with the skin side facing upwards and the internal portions placed directly on the 
bottoms of the cages. The cages completely surrounded the samples, which excluded 
scavengers from accessing the burnt pigs. The cages were then randomly placed onto 
each plot. 
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A metal 50 gallon drum present at Holliston, along with fire wood collected from 
the surround woods were used to burn the pigs to the desired level. Accelerants weren’t 
used as they may have contaminated the pigs with residual chemicals. An entomology 
field kit and other essential tools were used to collect and store the specimens (Armndt et 
al. 2006).  
 
Methods 
 The first trial began mid May 2017 and the pigs were thawed for 48 hours prior to 
use. The burning process began at 10:00 hours, and was marked as day 0, two of the 
quarters were burnt to CGS level 2. This process required 5 minutes on each side to 
obtain optimum burning. Two quarters were burnt to level 4, which required 14-15 
minutes exposure to fire on each side. After careful observation of the remains it was 
determined that the quarters should be classified as level 3-4 as they had not fully reached 
level four classification. Finally, two of the quarters were not exposed to fire and these 
were the controls.  
 This process was completed by 12:00 hours and the remains were placed in situ. 
Each sample was then marked with a wooden stake and subsequent identifying numbers 
representing the level of burning and sample number (ex. 2-1, 2-2, etc.). These identifiers 
were written directly on the stakes with markers and also written on Rite-in-Rain paper 
and attached to each stake. The final step was to place sticky fly paper to catch adult flies 
attracted to the control samples, and these remained in place over the entire 11 days of 
the experiment.  
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 On day 1, each pig quarter was observed every two hours, beginning at 10:00 
hours and ending at 18:00 hours, which accounts for a total of 5 sampling periods. The 
following days, 2 through 7, samples were collected twice daily, once at 10:00 hours and 
the second at 15:00 hours. Final samples were collected on day 10 at 10:00 hours. 
Photographs were taken of each burnt pig and control every morning around 10:00 hours 
during the course of the experiment to show the change from day to day.  
On average, samples from three locations on each quarter were collected depending on 
the number of locations where larvae were present. After each sample was collected, half 
of the sample were preserved in 70% ethanol. Eggs were placed directly into ethanol, 
whereas larvae were HWK followed by preservation in ethanol. The remaining live 
samples were transported to Boston University in a small cooler. The samples were 
reared in the laboratory. Tupperware containers with a sturdy rim, were filled with 4cm 
of sand to allow adequate burial during pupation. Ground beef mixed with powdered egg 
was used as a rearing substrate. The eggs or larvae were then placed on top of the food. 
The containers were then covered with a sheer, breathable fabric and secured by thick 
rubber bands, to prevent larval escape. The meat substrate was lightly misted with water 
daily to prevent it from drying out in the laboratory environment. Temperature range in 
the laboratory was 24-26°C. The eggs and larvae were allowed to finish their life cycle 
and the substrate was subsequently removed during pupation. The adults were then 
collected for identification. This entire process was then repeated for the August 2017 
trial.  
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RESULTS 
Overall, there was no difference in species present between the burnt samples and 
the controls, with the most prevalent species being Lucilia sericata (Meigen). There was 
however a difference in succession rates between the control and the different levels of 
burning. It was clear that flies tend to prefer unburnt remains and thus oviposition 
occurred much more slowly as the level of burning increased.  
Initial data collection consisted of descriptive analysis for the arrival of eggs on 
the pig carcasses, which was less variable than the time of emergence of the larvae. A 
binary variable of 1 was used to represent the existence of eggs/larvae and 0 as the 
absence of eggs/larvae (Table 2). There is clear evidence which suggests that both the 
level 2 and level 4 groups have later arrival times than the control group.  
 To test the effect of burn level and month on the arrival times of insects, linear 
regression models were fit with the results as they were the simplest models which fit the 
data. The first model represents the time of emergence (in hours) of larvae onto the 
remains and the second is a response to the time of emergence (in days) of instar1 onto 
the different levels. In both models, our covariates consist of the month (May or August) 
and group (i.e., burn level) of the pig.  
 For regression of overall larvae assessment, all of the coeffcients are statistically 
significant at 95% confidence level, with p-values less than 0.05. When all of the 
predictor variables equal 0 (baseline, control group in August), larvae are expected to 
emerge 25.75 hours after the sample is placed. Additionally, holding all other covariates 
equal, larvae are expected to emerge 17.50 hours later in May than in August on average. 
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Similarly, level 2 burn is expected to delay larvae presence by 16.50 hours on average 
(compared to control group without burning). And, finally, level 3-4 burn is expected to 
delay larvae emergence by 20.75 hours on average.  
 For regression 2 (instar 1), all the coeffcients are statistically significant at 95% 
confidence level, with p-value less than 0.05, except coeffcient of level 2 burn (p-value 
greater than 0.05). When all of the variables equal 0 (baseline, control group in August), 
instar 1 are expected to emerge 1.17 days after the sample is placed. Additionally, 
holding all other covariate values equal, instar 1 are expected to be present 0.67 day later 
in May than in August on average. Similarly, level 2 burn will delay instar 1 emergence 
by 0.25 day on average (compared to control group without burning). When everything 
else stays the same, level 3-4 burn will delay instar 1 emergence by 1.25 days on average. 
It also implies that when everything else stays the same, instar 1 emerges 1 day later with 
level 4 burn than with level 2 burn on average. In addition, the R-squared value suggests 
that both regressions should be good fits. (R-square values are 0.73 for the first regression 
and 0.81 for the second).  
 For regression 3 (instar 2), only the coeffcient of month is statistically significant 
at 95% confidence level, with p-value less than 0.05. However, the regression model has 
a general R-squared value of 0.61. When all of the variables equal 0 (baseline, control 
group in August), instar 2 emerged 1.00 day after the sample is placed. Additionally, 
holding all other covariate values equal, instar 1 are present 1.50 day later in May than in 
August on average. Similarly, level 2 burn will delay instar 2 emergence by 0.25 day on 
average (compared to control group without burning). When everything else stays the 
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same, level 4 burn will delay instar 2 arrival by 0.75 days on average. It also implies that 
when everything else stays the same, instar 2 arrives 0.50 day later with level 4 burn than 
with level 2 burn on average.  
 For regression 4 (instar 3), all the coeffcients are statistically significant at 95% 
confidence level, with p-value less than 0.05, except coeffcient of level 2 burn (p-value 
greater than 0.05). When all of the variables equal 0 (baseline, control group in August), 
instar 3 are expected to be present 1.75 days after the sample is placed. Additionally, 
holding all other covariate values equal, instar 3 are expected to emerge 1.50 day later in 
May than in August on average. Similarly, level 2 burn will delay instar 3 presence by 
0.25 day on average (compared to control group without burning). When everything else 
stays the same, level 4 burn will delay instar 3 presence by 0.50 days on average. It also 
implies that when everything else stays the same, instar 3 are present 0.25 day later with 
level 4 burn than with level 2 burn on average. Additionally, the high R-squared value 
(0.88) suggests that the regression is a good fit.  
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DISCUSSION 
 This study assessed the effect of burning on carcass decomposition and associated 
insect succession in what region, in Massachusetts. Decomposition rate and insect 
succession onto unburnt carcasses were used as a control to compare to the different burn 
levels. Differences were evident in rate of decomposition and insect succession between 
unburnt and burnt carcasses. 
 There has been limited research conducted on insect succession related to burnt 
remains. When forensic entomologists are invited to a crime scene they are focused on 
the insects associated with the scene and the context of the environment where the 
remains were discovered.  The goal of the forensic entomologist is to calculate the mPMI 
by examining the stage of decomposition in which the body is found, and the current 
level of development of the insects present. Insects colonize remains in a predictable 
pattern, which makes them a reliable source of information (Anderson 2010, Campobasso 
et. al. 2001, Castner 2010, Dadour and Morris 2014, Kreitlow 2010, Anderson 2000).  
When examining the factors that affect insect activity there has been little focus on burnt 
remains. Some twenty years ago, the CGS was published, which is a standardized system 
that classifies burnt remains into five levels. Level one is consistent with smoke related 
deaths, which may show slight blistering and singing, but the body is still recognizable at 
this stage. At level two the body may still be recognizable and there may be varying 
degrees of burning. When remains reach level three, visible identification is no longer 
possible and major portions of the extremities may be missing when looking at a whole 
individual. The fourth level shows extensive burning, skull fragmentations, and there may 
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only be small portions of the extremities attached. When remains reach level five, there is 
little or no tissue left and the remains are mostly consumed. At this stage, high 
fragmentation is often observed, which makes visual identification impossible (Glassman 
and Crow, 1996).  
It has been demonstrated by numerous authors that the burning of remains, does 
have an effect on the succession of insects. Anderson (2005), Avila and Goff (1998), 
Oliveira-Costa et al. 2014), and McIntosh et al. (2016) demonstrated that there is a direct 
correlation between the rate of decomposition and insect succession when referring to 
burnt remains.  
Anderson’s (2005) experiment involved a total of four clothed pigs that were 
burnt and then were placed inside a house in four different locations. The remains were 
inhabited by blow fly larvae and allowed to complete their entire life cycle before the 
remains were burnt. Three of the pigs were left inside of the house for the entire duration, 
while the fourth was left outside and later moved into the house before the burning 
occurred. The pigs were burnt one at a time and were left to burn until smoke or flames 
could be identified when standing outside of the house. Firefighters were present on the 
scene and responded according to the average time expected to arrive at the fire scene. 
The flames were then extinguished, and about thirty minutes prior to each fire, Anderson 
entered the house to examine the remains. The first three examinations were conducted in 
this manner, but the final fire, which encompassed the entire home, was left to burn. 
Anderson found that in all four cases there was still entomological evidence present after 
the fire. 
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Avila and Goff (1998) performed a similar experiment except the pigs they used 
were burnt and then left outside in two different locations on the Hawaiian island of 
Oahu. The pigs were placed in double sealed bags and frozen prior to the study to prevent 
insect activity. The pigs were thawed twelve hours before the experiment and burnt to 
level two on CGS. The remains were checked twice a day for the first ten days and once a 
day for the remainder of the experiment. Throughout the experiment, sixty-six species of 
insects were collected. Avila and Goff (1998) saw immediate attraction to the burnt 
remains, which was contrary to the initial belief that burning retards insect succession. 
Insect developmental stages were observed earlier on the burnt remains and they had 
substantially larger larval masses present. Avila and Goff (1998) did recognize the need 
for further research on different levels of burning stating they may have different effects 
on succession rates. 
Oliveira-Costa et al. (2014) compared burnt and un-burnt clothed pigs in 
Southeastern Brazil. The exact level of burning was not mentioned, only that 2 L of 
gasoline was used to burn the remains. These cages included pyramidal tops with a 
collection jar on top to collect adult flies. They also used pitfall traps to collect the 
dispersing third level instar larvae. In the insects collected from both the control and the 
experimental pigs, there was not a substantial difference between the species found. 
There was however an increase in the rate of decomposition in the burnt pigs. This is 
believed to cause possible confusion and overestimation of the mPMI (Oliveira-Costa 
2014, Gruenthal et al. 2012).  
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McIntosh et al. (2016) demonstrated that burning of remains increased the rate at 
which decomposition occurred. During this experiment, each pig was burnt to a CGS 
level 2 and compared with unburnt remains. In this study, similar methods to Avila and 
Goff (1998) were used to burn the remains (McIntosh et al., 2016).  
To further expand on the topic of burnt remains, further testing is required at each of the 
five CGS levels to determine the effects of each level on the succession of insects. The 
current experiment will contribute to a better understanding of level 4 on the CGS and 
expand upon the previous research conducted on level 2 CGS remains. Overall, this will 
help investigators when dealing with burnt remains to determine approximate time of 
death or at least the time at which the remains were no longer exposed to the source of 
the fire.  
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CONCLUSION 
This study provides preliminary evidence that higher burn levels extend the time 
until larvae are observed on a carcass. The results validate the hypothesis that burning the 
body decreases the insect activity rates and higher level burns will result in a slower 
succession rate. This research will allow a more accurate representation of mPMI in the 
New England area and other comparable climates, when dealing with burnt remains. 
Nevertheless, due to small sample size, the results may not be strongly inferential. 
Therefore, more research is necessary with larger sample sizes, and possibly in other 
climates, in order to fully understand the effects burning has on insect succession. In 
conclusion, when addressing the remaining levels of CGS, with the aforementioned 
variables, future studies with larger sample sizes may yield more powerful results. 
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Figures  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Comparative arrival times (hours) for eggs.  
Figure 2. Comparative arrival times (hours) for larvae.  
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Figure 3. Comparative average egg arrival time (hours). 
Figure 4. Fitted linear model for larvae emergence estimate with their 95% confidence 
bands. 
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Figure 5. Fitted linear model instar 1 emergence estimate with their 95% confidence bands. 
Figure 6. Fitted linear model instar 2 emergence estimate with their 95% confidence 
bands. 
Figure 7. Fitted linear model instar 3 emergence estimate with their 95% confidence bands. 
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Tables 
 
Table 1. Rating scale Burning (Glassman and Crow 1996) 
Rating Observed Changes to Flesh 
0 No burning present 
 
1 Typical injuries of that of a smoke related death,  
There may be some blistering and singing of hair 
The body is recognizable for identification at this stage and thus the recovery 
methods are the same as non-burn victims 
 
2 The body may be recognizable, but there may be varying degrees of burning 
present 
There may be the absence of hands and/or feet, and possibly ears and genitalia 
Recovery of disarticulated items is necessary at this stage 
 
3 Even further destruction 
Major portions of the arms and legs may be missing 
Identification cannot be done visually, but the head is still present 
Wider search area for disarticulated remains 
An anthropologist should be called in to help search 
 
4 Extensive burning 
Skull is fragmented 
Some portions of the arms and legs may remain 
Forensic anthropologist and odonatologist may need to be called in 
 
5 Body has been cremated 
Little to no tissue is left 
Highly fragmented remains 
Forensic anthropologist and odonatologist are needed at this point  
 
 
Table 2. Descriptive Analysis of Egg and Larval Presence  
Condition Month Session Time Eggs 
Present 
Larvae 
Present 
Eggs Ever 
Present 
Larvae 
Ever 
Present 
Control May 1 0 1 0 1 0    
1.1 1 0 1 0    
1.2 1 0 1 0    
1.3 1 0 1 0    
1.4 1 0 1 0    
1.5 1 0 1 0 
21 
 
   
2.1 1 1 1 1    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 0 1 1 1    
4.1 0 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Control  May 2 0 1 0 1 0    
1.1 1 0 1 0    
1.2 1 0 1 0    
1.3 1 0 1 0    
1.4 1 0 1 0    
1.5 1 0 1 0    
2.1 1 1 1 1    
2.2 1 1 1 1    
3.1 0 1 1 1    
3.2 0 1 1 1    
4.1 0 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Control August 1 0 1 0 1 0    
1.1 1 1 1 1    
1.2 1 1 1 1    
1.3 1 1 1 1    
1.4 1 1 1 1    
1.5 1 1 1 1    
2.1 1 1 1 1    
2.2 1 1 1 1    
3.1 1 1 1 1 
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3.2 1 1 1 1    
4.1 1 1 1 1    
4.2 1 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Control  August  2 0 1 0 1 0    
1.1 1 0 1 0    
1.2 1 1 1 1    
1.3 1 1 1 1    
1.4 1 1 1 1    
1.5 1 1 1 1    
2.1 1 1 1 1    
2.2 0 1 1 1    
3.1 0 1 1 1    
3.2 0 1 1 1    
4.1 0 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 2 May  1 0 0 0 0 0    
1.1 0 0 0 0    
1.2 1 0 1 0    
1.3 1 0 1 0    
1.4 1 0 1 0    
1.5 1 0 1 0    
2.1 1 0 1 0    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 1 1 1 1    
4.2 0 1 1 1 
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5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 2 May  2 0 0 0 0 0    
1.1 0 0 0 0    
1.2 0 0 0 0    
1.3 1 0 1 0    
1.4 1 0 1 0    
1.5 1 0 1 0    
2.1 1 0 1 0    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 0 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 2 August  1 0 0 0 0 0    
1.1 0 0 0 0    
1.2 1 0 1 0    
1.3 1 0 1 0    
1.4 1 0 1 0    
1.5 1 0 1 0    
2.1 1 0 1 0    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 1 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1 
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6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 2  August 2 0 0 0 0 0    
1.1 0 0 0 0    
1.2 0 0 0 0    
1.3 1 0 1 0    
1.4 1 0 1 0    
1.5 1 0 1 0    
2.1 1 0 1 0    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 0 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 4  May  1 0 0 0 0 0    
1.1 0 0 0 0    
1.2 0 0 0 0    
1.3 0 0 0 0    
1.4 0 0 0 0    
1.5 0 0 0 0    
2.1 1 0 1 0    
2.2 1 0 1 0    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 1 1 1 1    
4.2 1 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1 
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10.1 0 1 1 1 
Level 4 May  2 0 0 0 0 0    
1.1 0 0 0 0    
1.2 0 0 0 0    
1.3 0 0 0 0    
1.4 0 0 0 0    
1.5 1 0 1 0    
2.1 1 0 1 0    
2.2 1 0 1 0    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 1 1 1 1    
4.2 1 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 4  August 1 0 0 0 0 0    
1.1 0 0 0 0    
1.2 0 0 0 0    
1.3 0 0 0 0    
1.4 0 0 0 0    
1.5 0 1 0 1    
2.1 1 1 1 1    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 1 1 1 1    
4.2 1 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 1 1 1 
Level 4  August  2 0 0 0 0 0    
1.1 0 0 0 0 
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1.2 0 0 0 0    
1.3 0 0 0 0    
1.4 0 0 0 0    
1.5 0 0 0 0    
2.1 0 0 0 0    
2.2 1 1 1 1    
3.1 1 1 1 1    
3.2 1 1 1 1    
4.1 0 1 1 1    
4.2 0 1 1 1    
5.1 0 1 1 1    
5.2 0 1 1 1    
6.1 0 1 1 1    
6.2 0 1 1 1    
7.1 0 1 1 1    
7.2 0 1 1 1    
10.1 0 0 1 1 
 
 
 
Table 3. Weather data for the duration of the research periods.  
Date Average Average Record Record Average Average 
Low High Low High Precipitation Snow 
17-
May 
45° 71° 30° 
(1957) 
88° 
(1991) 
0.11" NA 
18-
May 
45° 71° 27° 
(1983) 
89° 
(1974) 
0.11" NA 
19-
May 
46° 71° 30° 
(1981) 
93° 
(1962) 
0.11" NA 
20-
May 
46° 72° 32° 
(2002) 
91° 
(1959) 
0.11" NA 
21-
May 
47° 72° 30° 
(2002) 
93° 
(1975) 
0.11" NA 
22-
May 
47° 72° 35° 
(1974) 
94° 
(1959) 
0.11" NA 
23-
May 
47° 73° 36° 
(1961) 
97° 
(1992) 
0.11" NA 
24-
May 
48° 73° 29° 
(1963) 
93° 
(1964) 
0.11" NA 
25-
May 
48° 73° 34° 
(1990) 
89° 
(1977) 
0.11" NA 
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26-
May 
48° 74° 30° 
(1972) 
90° 
(1965) 
0.11" NA 
27-
May 
49° 74° 28° 
(1969) 
90° 
(1959) 
0.11" NA 
              
Date Average Average Record Record Average Average 
Low High Low High Precipitation Snow 
9-Aug 60° 84° 44° 
(1989) 
98° 
(1957) 
0.13" NA 
10-
Aug 
60° 84° 37° 
(1964) 
99° 
(2001) 
0.13" NA 
11-
Aug 
60° 84° 40° 
(1974) 
94° 
(1973) 
0.13" NA 
12-
Aug 
60° 83° 43° 
(1968) 
96° 
(2002) 
0.13" NA 
13-
Aug 
59° 83° 39° 
(1957) 
97° 
(2002) 
0.13" NA 
14-
Aug 
59° 83° 39° 
(1964) 
99° 
(2002) 
0.14" NA 
15-
Aug 
59° 83° 39° 
(1964) 
101° 
(2002) 
0.14" NA 
16-
Aug 
59° 83° 41° 
(1964) 
95° 
(1985) 
0.14" NA 
17-
Aug 
59° 83° 41° 
(1957) 
96° 
(2002) 
0.14" NA 
18-
Aug 
58° 82° 41° 
(1968) 
100° 
(1987) 
0.14" NA 
19-
Aug 
58° 82° 40° 
(1981) 
97° 
(2002) 
0.14" NA 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Fitted linear model: time in hours comparing May to August and 
burn levels. 
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Table 5. Fitted linear model: time in days comparing instar 1 in May to 
August based on the burn levels. 
Table 6. Fitted linear model: time in days comparing instar 2 in May to August 
based on the burn levels. 
Table 7. Fitted linear model: time in days comparing instar 2 in May to August 
based on the burn levels. 
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